Introduction
The first lethal mutant discovered in the Japanese quail was micromelial1). Subsequently, four embryonic lethals were found, i, e., crooked neck dwarf2), yellow-feather3), chondrodystrophy4) and black at hatch5).
MINEZAWA and WAKASUGI5) reported that the Bh (black at hatch) character was controlled by an autosomal dominant gene with homozygous lethality and that the homozygous embryos died at 4-6 days of incubation, showing whole body subcutaneous haemorrhage and degeneration of the liver tissue. Through the routine examination of the dea dembryos from the BH (black at hatch) strain, it was suspected that some homozygous embryos might survive beyond 6 days of incubation, for which influence of genetic background was suggested. In addition, it was supposed that the Bh gene might have some effects on the development of the liver also in the heterozygous condition as in the case of Cp (Creeper) gene in the chickens6),
i, e., it gives rise to micromelia in the homozygotes and short legs in the heterozygotes.
The present study is concerned with (1) the re-examination of the developmental stages at which the Bh homozygous embryos die under two different mating systems, (2) effects of the Bh gene on the development of the liver in the heterozygous condition and (3) culture of the embryonic liver fragments of the quail on the chorioallantoic membrane of the chick. faster development than those from the former.
Almost all dead embryos from the experimental matings at 5-9 days of incubation showed heavy whole body subcutaneous haemorrhage (Fig. 3) . A few live embryos from the experimental matings showed slight haemorrhage in the eyes and other part of the body as shown in Fig. 4 , which were regarded as the living homozygous embryos, since such embryos were not observed in the control matings at any developmental stages.
(2) Homozygous Embryos for Bh Gene Some of the dead embryos that showed whole body subcutaneous haemorrhage were histologically observed.
Subcutaneous haemorrhage at cranial, cervical and abdominal regions was histologically confirmed as a common feature of the Bh homozygous embryos. In the liver, hepatic cords were disintegrated in all regions. Dispersion of cytoplasm and pyknosis or karyolysis were observed in the degenerated cells. Disintegration of tissue and infiltration of red blood cells were also observed in the mesonephros and gonad. Histological observation of the moribund homozygous embryos disclosed partial degeneration of the liver (Fig. 5) . The degenerated region was observed in both left and right lobes. Weak eosinophilia of cytoplasm, pyknosis and karyolysis were the characteristics of degenerated cells. In the mesonephros and gonad, no sign of abnormalities were observed except for infiltration of a few red blood cells into the tissue space.
Therefore, degeneration of mesonephros and gonad in the dead homozygous embryos is thought to be postmortem changes.
(3) Heterozygotes for Bh gene On histological examination of the liver from normal embryos at 4-9 days of incubation, the degenerative changes was observed at the posterior tip of the left lobe (focal degeneration). Table 3 shows incidence of this abnormality in live embryos from the experimental and control matings. At 7 and 8 days of incubation, the abnormality was found in three embryos from the experimental matings. Determination of their genotypes was impossible although they did not show subcutaneous haemorrhage. However, the embryos with this abnormality at 9 days of incubation were not regarded as the homozygotes because of the absence of subcutaneous haemorrhage and small degenerated area in the liver.
After 10 days of incubation, it was possible to distinguish between the Bh and wild type embryos by the pigmentation pattern of down feathers. Segregation ratio of the Bh and wild type embryos at 10 days of incubation was approximately 2:1 and 1:1 in the experimental and control matings, respectively. Accordingly, all the Bh type embryos were regarded as the heterozygotes after this stage. On examination of the liver from the embryos after 10 days of incubation, it was found that the liver of some embryos had locally degenerated region at the posterior tip of the left lobe as shown in Figs. 6 and 7 (focal degeneration).
Its incidence in the heterozygous and wild type embryos at 10, 12 and 15 days of incubation is shown in Table 4 . The abnormality was observed in about one-third of the heterozygous and in about one-thirteenth of the wild type embryos at 10 and 12 days of incubation. At 15 days of incubation, the incidence decreased to about half in the heterozygotes, whereas, no significant decrease was seen in the wild type embryos. Three embryos showed the abnormality in the right lobe. One heterozygote and a wild type embryo at 10 days showed the abnormality at both left and right lobes. One heterozygote at 15 days showed the abnormality only at the right lobe. The region at the focal degeneration was pale yellow and the cells showed weak eosinophilia of cytoplasm and pyknosis or karyolysis on histological observation (Fig. 8 ). This cytological feature was the same as that observed in the degenerated liver tissue of the homozygous embryos. The abnormal region was limited at the small area and smaller in 15 days' embryos than in the 10-12 days'. This region is thought to be replaced by the neighboring normal tissue with the progress of development. It does not appear that the focal degeneration of the liver affect the viability or development of embryos , since no signifi- The summary of the culture experiment of the liver is shown in Table 5 . No significant differences were unfortunately seen in the development of the grafts taken from the experi- mental and control matings, although the total incidence of the well developed and partially developed grafts in the 5 days' culture was about 10% lower than in the experimental group.
Incidence of the partially developed grafts was higher in the 3 days' culture, whereas, that of the well developed grafts was higher in the 5 days' culture. This difference may be due partly to the technical problems and partly to the size of the grafts, because a series of the 3 days' culture was performed prior to the 5 days' culture and the size of the grafts was larger in the former. Characteristics of the Bh homozygous embryos were subcutaneous haemorrhage and degeneration of the liver tissue. There are two possibilities concerning the lethality of the Bh homozygous embryos. The first is that the primary defect attributed to the Bh gene might be the abnormality in liver morphogenesis. In this case, subcutaneous haemorrhage is thought to be secondary effects derived from the weakening of the capillaries caused by dysfunction of the liver. Higher incidence of the focal degeneration at the posterior tip of the left lobe in the Bh heterozygous embryos than in the wild type at 10 and 12 days of incubation may indicate that the Bh gene has some effect on the liver morphogenesis also in the heterozygous condition. In the chick embryos, the first indication of the liver is observed as a small endodermal evagination at the margin of the anterior intestinal portal12,13) Subsequently, the liver develops from the endoderm of the anterior intestinal portal and the adjacent mesenchyme and their interaction is essential for development of the liver14). FUKUDA15) reported that the early development of the three major tissue components ralated to the differentiation of the liver, i. e., the hepatic endoderm, the hepatic mesenchyme and the embryonic endothelium was basically similar between the quail and chick embryos and that the hepatic mesenchyme developed at the 20-22 somite stage in both quail and chick embryos. In the chick embryos, the formation of hepatic cords is already seen at 3 days of incubation13,16). Although, degeneration of the liver tissue in the Bh homozygotes occurs after formation of the hepatic cords, it might be caused by some developmental defects residing in the above mentioned tissue components or failure in their mutual interaction.
Second possibility is that the primary defect caused by the Bh gene might be the disintegration or dysfunction of the capillaries, which is thought to be the cause of haemorrhage in the eyes, whole body subcutaneous haemorrhage and degeneration of the liver . With regard to the last characteristics, there might be a possibility that the cell degeneration is caused by the deficiency in the oxygen supply, since the clear separation between degenerated region and adjacent normal hepatic cords was a characteristic feature at the initial stage of development. ROBBINS17) has stated that when the cell is deprived of oxygen, the glycolytic mechanism continues to produce lactic acids, accumulation of which causes the intracellular pH to drop and then lowered pH activates lysosomal enzymes and the proteolytic digestion of the cell follows. This view may be supported by the study on the graftings of embryonic liver to the chorioallantoic membrane of the chick embryo. The large liver fragments showed healthy development at the peripheral region but tended to show degeneration at the center. In the case of the small fragments, however, the incidence of the grafts that showed well developed structures in the central region was considerably higher. These results may indicate that vascularization at the central region is difficult in the large fragments, and degeneration of tissue follows because of insufficiency of oxygen. The focal degeneration of the liver in the Bh heterozygous and wild type embryos is interpreted as follows. Deficiency in blood supply or oxygen deficiency may easily occur at the posterior tip of the left lobe of the liver around 10-12 days of incubation and the liver tissue itself or the capillaries at this region may be more susceptible in the Bh heterozygous embryos than in the wild type.
Summary
Homozygous Japanese quail embryos for Bh (black at hatch) gene died at 6-9 days of incubation in the intra BH (black at hatch) strain matings and at 5-9 days of incubation in the matings arranged with F1 hybrids between BH strain and alien colony. In both experiment, however, the lethal period was Stages 18-26 of ZACCHEI's standard10). The lethal period of the Bh homozygous embryos is thought to be 4-9 days of incubation incorporating the previously reported results by MINEZAWA and WAKASUGI5). Characteristics of the Bh homozygous embryos were degeneration of the liver tissue and whole body subcutaneous haemorrhage. Two possibilities were presented concerning the lethality of the homozygous embryos.
The first was that degeneration of the liver tissue might be the major factor. The second was that disintegration or dysfunction of the capillaries might be the major factor. These possibilities were discussed in relation to the normal process of the liver morphogenesis and the results obtained through the culture of embryonic liver grafts on the chorioallantoic membrane of the chick.
In the liver of some embryos after 9 days of incubation, degenerated region was found at the posterior tip of the left lobe (focal degeneration). This abnormality was observed in about one-third of the Bh heterozygous and in about one-thirteenth of the wild type embryos at 10-12 days of incubation. At 15 days of incubation, the incidence decreased in heterozygotes. The abnormal tissue at this region seems to be replaced by the neighboring normal tissue with progress of development.
